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Since 1914 it has been known that acid chlorides would react with 
trivalent phosphorus esters in the classical Michaelis-Arbuzov rearrange-
ment. The synthesis of a series of disubstituted aroylphosphonates seemed 
to be a logical extension of the previous preparations of aliphatic acyl-
phosphonates. It was anticipated that the dipole moments of such compounds 
would provide insight into the ground-state structure of molecules con-
taining the carbonyl-phosphoryl linkage. Nuclear magnetic resonance spec-
tra have not previously been recorded for acylphosphonates, so that such 
spectra make a useful addition to the physical data previously compiled 





Since 1898, when the reaction of trialkyl phosphites with alkyl 
halides to yield phosphonates was discovered by Michaelis and Kahne (5~), 
the Michaelis-Arbuzov rearrangement has been the most important synthetic 
means of producing a carbon-phosphorus bond. The general equation for 
this reaction is: 
(R0) 3P + R'X + RX 
When Rand R' are identical, the reaction assumes the character of a 
true isomerization, since only a catalytic amount of the alkyl halide 
is required (47). 
The mechanism of the Michaelis-Arbuzov rearrangement has been shown 
to follow the route below. This sequence involves a slow 8N2 displace= 
ment of halogen by the electron pair on phosphorus, resulting in the 
formation of an intermediate quasiphosphonium salt. This process is 
0 
t 
(RO)zPR' -f RX -+ 
2 
.3 
followed by a rapid decomposition of the salt to an alkyl halide and a 
phosphonate (28). The decomposition is spontaneous in the case of alkyl 
phosphites, but if R is aryl the intermediates are stable and must often 
be treated with heat or strong base in order to effect degrad9.tion (45, 52). 
In general, the reactivity of the esters decreases in the order phosphin-
i te > phosphoni te > phosphi te in the Michaelis-Arbuzov reaction (48).. With 
respect to the halides, the decreasing reactivity is iodide">bromide). 
chloride and primary> secondary (45). 
The Michaelis-Arbuzov rearrangement with trialkyl phosphites has 
been well documented in the cases of simple alkyl halides (45), carbon 
tetrahalides (30, 40, 44), trityl bromide (68), dibromides (25), and 
various other compounds containing the carbon-halogen linkage. The prob-
lem has also been extended to bicyclic phosphites (70), tricyclic phos~ 
phites (16), phosphonites (26), and phosphinites (60). 
It was shown early that the expected r eaction would occur between 
trialkyl phosphites and acid halides (4). In 1914, Arbuzov and Dunin 
examined the following reaction in their study of the action of t :dalkyl 
phosphites with derivatives of alip:iatic asters . However, thei r other 
work was concerned with esters halogenated adjacent to t he ester carbonyl . 
A later note in the literature (5) states that because of the death of 
D~nin that phase of their work was discontinued. 
I 
4 
The formation of acylphosohonates (1-keto-phosphonates) was not 
investigated further until 1945, when Kabachnik and Rossiiskaya published 
a series of papers on the esters of o(-keto-phosphonic acids (36, 37). 
The reaction in question may be formulated as follows: 
0 0 0 
(RO) 3P' 
II i II 
+ R'CC1 ~ (R0}2P-CR' + RCl 
!Ia, R = CH3, R'· = CH3 
IIb, R = CH3, R' = C6H5 
IIc, R = C2H5, R' = CH3 
!Id, R = C2H5, R' = C6H5 
The products were pale yellow, high-boiling liquids in yields of about 
65-75 per cent. Characterization was based on formation of I?;-nitrophenyl~ 
hydrazones, identification of alkaline hydrolysis products, determination 
of saponification numbers, and reduction with Na/,Hg to esters ofo(-hydro:xy-
benzylphosphonic acid. 
In their third paper concerned with the study of esters ofo(-keto 
phosphonic acids (38), Kab~hnik and co-workers synthesized di-g-butyl 
acetylphosphonate and generally improved their yields by running the re-
actions below room temperature since the process was exothermic. Assum-
ing that esters of this type should exhibit considerable reactivity of 
the carbonyl group, Kabachnik undertook the synthesis of some carbonyl 
derivatives, including phenylhydrazones, bisulfite addition products 1 and 
cyanohydrins. These were obtained easily and in yields above 85 per cent. 
Concurrently with Kabachnik's work, Arbuzov and his co-workers in-
vestigated the synthesis and properties of some acylphosphonates. They 
5 
synthesized diethyl acetylphosphonate (IIc) in 62 per cent yield and 
prepared its 2,4-dinitrophenylhydrazone (2). Several cyclic esters of 
phosphorous acid were successfully obtained in the following manner (10). 
III 
However, attempts to react the analogous ethyl ethoxypropylene phosphite 
with acetyl bromide yielded an acyclic compound which contained one bro~ 
mine a tom. Similarly ethyl metho:xypropylene phosphite and ethyl chloro-
formate gave non-cyclic products. The following reaction sequence gave 
identical compounds with R = methyl, ethyl, and propyl (3). 
IV 
I'J was a crystalline product whi~h gave a sharp-melting 2,4-dinitrophenyl-
hydrazone derivative. Almost simul t aneously Kamai (41) mentioned the 
attempted synthesis of diallyl benzoylphosphonate from triallyl phosphite 
and benzoyl chloride, but the reaction mixture exploded at 185° during 
attempted distillation, probably as a result of spontaneous polymeriza-
tion. 
6 
An obvious extension of this work with acid chlorides and trialkyl 
phosphites is the investigation of the reactivity of phosgene in such 
condensations. Kabachnik studied this area in 1957 (39) and obtained 
the following results:· 
fi oo o r 
ClCCl + (CH30) 3P • ClC-P(OCH3)2 
V 
o o r 
(CH30)Jf' fl. • 
T II 
V + (CH30)2P-C-P(OCH3)z 
VI 
Both the phosphonate (V) and diphosphonate (VI) were obtained in good 
yield and identified. However, in a similar experiment (58) performed 
by Fudovik and Platonova, the reaction of phosgene with trialkyl phos-
phites was described as followsg 
0 0 
II i 
ClCCl + (R0) 3P -+ (RO) 2P:...Cl 
VII a, R = CH3 
VIIb, R = C2H5 
VIIc, R = c4H9 
VI Id, R = ( CH3) 2CHCH2 
7 
The abstracts available on these contradictory publications reveal that 
the experiments were performed under nearly identical conditions, but 
no explanation was offered for the discrepancy. Pudovik obtained exactly 
the same products with oxalyl chloride. The only other work concerning 
the use of phosgene in phosphite reactions is found in a patent (JZ), -
and is shown by the equations below. Thiophosgene was used to make the 
sulfur analogs of these compounds. 
0 0 
II II 
ClCCl + (HOCH2CH2) 2o • O(CH2CH20CCl)2 
VIII 






ClCCl + • CH2(CH;t;H20CCl )2 
X 
X (CH30)2PC6H5 • ~ H,ocH~J + CH2 H2CH20C-P, 2 C6H5 
XI 
In connection with his work with phosgene, Kabachnik (39 ) per f ormed 
a series of experiments i n which he studied the r eact ion of chl oroacet.yl 
8 
chloride and trichloroacetyl chloride with trimethyl pbosphite and tri-
ethyl phosphite. Instead of the expected acylphosphonates, vinyl-substi-
tuted phosphates were isolated. Pudovik duplicated this work in 1957 




These anomalous reactions correspond to those often observed in the con= 
densations of trialkyl phosphites with alkyl halides having the halogen 
adjacent to a carbonyl group (56). 
9 
In 1956, Ackerman and co-workers (1) published a study of the prepa~ 
ration and properties of some diethyl acylphosphonates in connection with 
their interest in derivatives of fatty acids. The acylphosphonates were 
derived from the reactions of triethyl phosphite with the acid chlorides 
of the even-numbered fatty acids from c4-c18 and oleic acid. It was found 
that these compounds were unstable in the presence of moisture, the rate 
of hydrolysis decreasing with increasing acyl chain length and size of 
phosphorus groups. The fact that the acylphosphonates were so much more 
sensitive to moisture than were the corresponding alkylphosphonates led 
the authors to postulate formation of a mixed anhydride bond (a) rather 
than a carbon-phosphorus bond (b). However, molar refractions, infrared 
0 
II / -C-o-P, 
(a) (b) 
spectra, and polarographic studies indicated the presence of the acyl = 
phosphonate bond (b). This physical evidence thus supports the structur e 
predicted by analogy with the corresponding al kylphosphonates and proven 
by Kabachnik (36, 37) on the basi s of chemical reactions. 
In 1961, Moss (53) obtained a patent on the preparation of tetraalkyl 
diphosphonates from the reactions of the acid chlorides of a series of 
long-chain aliphatic dibasic acids with trimethyl phosphite. Almost 
quantitative yields of product were realized. 
Although the carbamoylphosphonates are not true acylphosphona t es, 
they do contain the carbonyl~phosphoryl linkage and thus should be man= 
tioned. In 1952 Arbuzov and Rizpolozhenskii published two papers in 
10 
which they described the synthesis of X:V (7, 8) • . Analogous products were 
isolated in approximately 50 per cent yield from triethyl phosphite, tri-
g-propyl phosphite, tri-~-propyl phosphite, tri-g-butyl phosphite, tri-
isoaroyl phosphite, and tricyclohexyl phosphite. Higher yields (about 70 
per cent) were obtained by using sodium dialkyl phosphite instead of tri-
alkyl phosphite. Reetz and co-workers (61) fully explored the synthetic 
value of the above reaction sequence. 
Another variation of the Arbuzov rearrangement which leads to the 
formation of acylphosphonates is the reaction of trialkyl phosphites with 
acid anhydrides (42, 46). The desired products have also been obtained 
using triethyl and tri-g-butyl phosphites with acetic and benzoic anhy~ 
drides (20). These compounds appear to have some value as insecticides. 
0 0 0 0 0 
II II II i II 





II II II 
C6H5COCC6H5 + (CH30) :l ~ C6Hf-P(OCH3)2 + CH30CG6H5 
IIb 
11 
Investigations of' the reaction~ of acylphosphonates nave bee;;i l$I'gely 
restricted to alcoholysis and hydrolysis. Normally the -c~rbon-phosp,horus 
bond in .phosphorus este-rs is very difficult to cleave ~s shown by the hy-
drolysis of norm•l phosphA:)nates, ,which react .as follows (21) r 
Prolonged heating under reflux with constant-boiling hydrochloric acid 
may be used for hydrolysis of .esters of most phosphonic ~nd phosphinic 
acids wit.hout riek of breaking the carbon-phosphorus bond, which is com-
parable in strength to the carbon~carbon bond (21). There are, howeve;r, 
certain instances in which a carbon-phospho1rue bond may be broken in 
alkyl phosphorus asters·. These situations usually occur under alkaline 
c~nditions and are as~isted by electrop-~ttracting substituents on the 
alkyl group. Trichloromethyl and trifluoromethyl groups are thus ;removed 
by- base .as foliows :: 
t 















Dialkyl 2-chloro-1-hydroxyalkylphosphonates and dialkyl 1-cyano-1-hydroxy-
alkylphosphonates undergo rearrangements involving rupture of the carbon-
phosphorus bonds. The latter of these two reactions was actually a re-








(R0)2POH + R'CH=CHCN 
( 12) 
( 31) 
(38)' had reported the synthesis of such cyanohydrins in 1947, but Hall 
· arffl co-workers in 1957 determined that the following reaction sequence 











value for the preparation of unsaturated nitriles, provided af-hydrogen 
atom was present. 
Another situation in which the carbon-phosphorus bond is rendered 
unstable exists in arylphosphonic acids in which the~ or para posi-
tions are substituted with strong electron-donating groups, such as the 
amino, metho:xy, or hydroxy groups (13). Bell and Kosolapoff investigated 
such reactions in 1953. 
f H20 
)Q) @P(OH),2 • + (H0) 3P-.O 
R R 
0 
t H~' Br- Br 
@P(OH)'2, ti )zy + (Ho)'3p-.o Br2-
R R Br 
The most common instances in which the carbon-phosphorus bond is 
cleaved are in the alcoholysis and hydrolysis of acylphosphonates. Evi= 
dently theo(-carbonyl group so weakens the linkage that it is even more 
susceptible to cleavage than the es t er groups . Normally the following 
process occurs in such hydrolysis reactions (36)~ 
NaOff 
• ale . 
However, partial hydrolysis of the phosphorus ester has also been re-






The fact that severance of the carbon-phosphorus bond in the acylphos-
14 
phonates need not be preceded by hydrolysis of the ester groups and for-
mation of the free phosphonic acid was shown by Kabachnik in his study 
of the acid-catalyzed degradation of these compounds (37)'. In experi-
ments using methanol, ethanol, and propanol with dimethyl acetylphosphon-
ate (IIa)· and dimethyl benzoylphosphonate (IIb) the following mechanism 
was thought to be operative: 
[r 
RC-P(OCH3)'2 + 









In the absence of dry hydrogen chloride, addition compounds formed. 
IIb XVII 
A few other reactions of acylphosphonates have been reported. It 
was shown by Cooke (19:) that in the presence of dry hydrogen bromide 
the following may occur: 
~ r 
RC-P (OC2H5) z 
R = CH3(IIc) 






RC-P(OH) 2 + C2H5Br 
R = CH3(XVIIIa) 
R = C6H5(XVIIIb) 
The yields were in the order of 95 per cent, but it took six times as 
long to achieve the reaction with the benzoylphosphonate (IId) as with 
15 
the acetylphosphonate (Ile). Kabachnik (39) reported a quantitative re-
turn of product in the following reaction: 





Glycols of this type are inherently unstable and are rarely isolated. 
It was mentioned earlier that Reetz and co-workers synthesized car= 
bamoylphosphonates by the treatment of di subs.ti tuted carba.'iloyl chlorides 
with trialkyl phosphites (61). An alternative route to these compounds 
was suggested by Nylen (55), in which chloroformates were reacted with 
trialkyl phosphites, and the resulting products were treated with ammonia, 
16 
primary amines, or secondary amines •. This is, of course, not a general 
reaction of acylphosphonates since the carbo:iey-lic linkage must be present 
in order for the amidation to occur. 
I 
xx 
Another unusual reaction of acylphosphonates was reported by McCon-
nell and Coover (510 in their study of the preparation of 1- hydro:xy-alkyl= 
i dene-diphosphonates. Diethyl isobutyrylphosphonate and Ile were found 
IIc XXI 
to react equally well with diethyl hydrogen phosphit.e although the car -
bonyl group might be expected to be sterically hindered by the i. ~qpropyl 
and diethylphosphono groups which bracket it. 
17 
All published work concerning the infrared spectra of acylphosphon-
ates is in good agreement with the structures assigned. The phosphoryl 
band at about 1250 cm.-1· and the P-0-C (alkyl) broad band at about 1030 
cm.-1 have been observed by Ackerman (1) in aliphatic acylphosphonates, 
by Ketelaar (43) in diethyl benzoylphosphonate (IId), and by Reetz in 
carbamoylphosphonates (61). These peak positions agree with those which 
would be predicted based upon Bellamy's standard reference in the field 
(14) and with values of corresponding peaks found in other organophos-
phorus compounds. 
Al though informo.tion concerr.ing phosphorus-31 nuclear magnetic reso-
nance is plentiful, relatively few investigations have been performed 
on the proton magnetic resonance of the esters of phosphorus acids. In 
1959 Axtmann published a paper on the study of phosphates (11) in which 
it was observed that the phosphorus-31 atom is capable of splitting the 
proton responses of compounds containing the P-0-CH linkage. Dudek veri-
fied this work in a study on cyclic phosphates (22). Prohaska and Sid-
dall (66, 67) observed such splitting plus an additional splitting in 
various esters of arylphosphoric, arylphosphonic, arylphosphinic and 
phenylphosphonous acids. This second effect they attributed to the ex~ 
istence of preferred rotational isomers caused by the dia~agnetic ani~ 
sotropy of the benzene ring pre~ent. Nuclear magnetic resonance data 
dealing specifically with acylphosphonates has not been reported previous 
to our work. 
Dipole measurement studies on phosphorus esters are extremely rare. 
In 1957 it was shown by Raman spectra that bis(dialkylphosphinothioyl) 
compounds were symmetrical, having the two adjacent thiophosphoryl groups 
opposed (18). A logical extension of this work would be to verify or 
18 
disprove such a structure by dipole moment measurements. Various car-
bamoylphosphonates ~ave been shown to have an average moment value of 
2.96 Debye, a value close to· the value of 3.33 Debye calculated for free 
rotatj,.on of the carbamoyl group (9). This approximates also the average 
value of 2.90 :Pebye found f'or a series of alkylphosphonates (6) •. Recently 
in this laboratory Hildebrand (34) employed dipole moment measurements 
to elucidate the stereochemistfy of the reaction of a: trici.clic ph9sp>hi te 
with a series of alkyl halides. 
CHAPTER III 
DISCUSSION OF RESULTS AND CONCLUSIONS 
The Michaelis-Arbuzov reaction has been widely investigated with 
phosphites; phosphonites, and phosphinites and a great number of alkyl 
halides. However, the studies of acyl halides in such reactions have 
been primarily restricted to a few reactions of the acid halides of long-
chain mono-and dibasic aliphatic acids, benzoyl chloride, phosgene, chlo-
roformates, and carbamoyl halides. In view of the limited work done in 
the area, attempted synthesis of disubstituted aroylphosphonates was un-
dertaken via reactions of aroyl chlorides and phosphites. 
In nearly all cases the condensations were exothermic but could be 
controlled by the rate of addition of phosphite. The general preparative 
procedure consisted of the dropwise addition of phosphite to aroyl chlo-
ride in a three-neck, round-bottom flask fitted with reflux condenserj 
addition funnel, nitrogen inletj calcium chloride drying tubey liquid 
immersion thermometer, and magnetic stirring bar. As the phosphite was 
added the reaction mixtures became yellow in color and began to evolve 
methyl chloride in the case of trimethyl phosphite or ethyl chloride in 
the case of triethyl phosphite. With the phosphites of higher molecular 
weight the alkyl halide generated remained in the reaction mixture and 
0 0 0 
II 
ArCCl - - -+ ArtJ(oR) 2 + RCl + 
19 
20 
had to be distilled. Reactions utilizing trialkyl phosphites proceeded 
at room temperature, but triphenyl phosphite exerted no noticeable effect 
until the mixture had been heated for two hours at 1150. This would be 
expected in view of the extreme stability of the quasiphosphonium inter= 
mediates from the reactions of aryl-substituted phosphorus esters with 
alkyl halides (45). Once the intermediate did begin to decompose, how-
ever, the reaction mixture turned yellow and began to reflux at the boil-
ing point of chlorobenzene. 
In most cases the disubstituted aroylphosphonates were distilled to 
facilitate purification, but the diallyl ester was not purified in this 
manner because an explosion was reported in the attempted distillation 
of diallyl benzoylphosphonate (41). Repeated attempts to distill the di-
2-propyl aroylphosphonate resulted in the sublimation of benzoic acid, 
although all reactions had been performed in a nitrogen atmosphere. This 
compound was therefore prepared from equimolar amounts of tri-2-propyl 
phosphite and 12-anisoyl chloride and was analyzed for phosphorus in a 
crude form after removal bf the isopropyl chloride. The analysis agreed 
well with the calculated phosphorus content,and the infrared spectrum 
(Plate V) and proton magnetic resonance spectrum (Plate XV) showed very 
little evidence of impurity. Thus it may be inferred that the reaction 
proceeded almost quantitatively. The 2,4-dinitrophenylhydrazones (cor-
r ec t analyses and infrared spectra) of the diallyl and di~2-propyl esters 
were used as further proof of the structures of the phosphonates. 
Compounds successfully prepared from 12-anisoyl chloride included di-
methyl 12-anisoylphosphonate (XXII), diethyl £-anisoylphosphonate (XXIII) ? 
di-2-propyl 12-anisoylphosphonate (XXIV), di -g-butyl 12'-anisoylphosphonate 































(CH3) f J 
;{XX 
21 
phonate (XXVII). In addition, dimethyl (12-chlorobenzoyl)phosphonate 
(XXVIII), dimethyl (~-chlorobenzoyl)phosphonate (XXIX), and dimethyl 
(12-tert-butylbenzoyl)phosphonate (XXX) were synthesized to extend the 
scope of the study. Thus the phosphonate ester groups have been varied 
in the E;-anisoylphosphonates and ester groups have been held constant 
22 
in compounds with varying substitution, both of substituent and position, 
on the benzoyl fragment. 
In general, the phosphonates easily formed highly-colored 2,4-dini~ 
trophenylhydrazones which were characterized by elemental analysis and 
infrared spectra (Table I). The procedure used for preparing these de-
rivatives consisted of the addition of 0.5 g. of the parent disubstitu-
ted aroylphosphonate to 25 ml. of a stock solution of 2,4-dinitrophenyl-
hydrazine in sulfuric acid-methanol. Recrystallization from methanol 
or methanol-ethyl acetate produced samples which were analyzed for ni-
trogen and rr:osphorus. The formation of the 2,4- dinitrophenylhydrazones 
cf diallyl 12-anisoylphosphonate (XXVI) and di-2- propyl 12.-anisoylphosphon-
ate (XXIV) provided a means of identification of XXVI and XXIV since 
they wer~not purified by distillation. Diphenyl 12:'"anisoylphosphonate 
(XXVII) did not react with 2,4-dinit:rophenylhydrazine, probably because 
of the hindrance presented by the two ester phenyl groups present. 
The ease of formation of the 2,4-dinitrophenylhydrazones i r.: most 
ca s es suggest s r egeneration of the carbonyl compounds from phenylhydra= 
zones as a possi bl e method of purification. Attempt s to synthesize di -
C,CXII), cl~cne thyl cir:namoylphosr honat e (XXXIII) 9 and dime t hy l ( .2-r:10 1:,byl -
cinnamoyl) phosphonat e (XXXIV) i ndicated tha t some met hod other t han "'.l&c1.:.= 




weight dialkyl aroylphosphonates. The preparative method previously de-
scribed was used in the attempted syntheses of these compounds, except 
that in the cases of XXXII, XXXIII, and XXXIV ether w-as used as a solvent 
for the solid aroyl chlorides. The reactions appeared to proceed satis-
factorily wi. th the appearance of a yellow color and the evolution of rr,eth-
yl chloride, but unsatisfactory elemental analyses imply that regular 
distillation tecr,.:niques are unsatisfactory for the purificatio:n stei:: . 
Infrared spectra agreed well. 1,.i th the expected struc tx .. res conta \ 1 1; c:.'?: tht· 
carbonyl, phosphoryl., and P-0-C (alkyl) functional groups. 
Physical studies of acylphosphonates have been limited to infrared 
and ultraviolet data, polarographic studies, molar refr&ction measure-
men ts (1), and a small amount of dipole morr.ent work on cartarn.cyl phcs-
phor::.ates (9). The only publication concerning thP, physical properties 
of aroylphosphonates describes the infrared spectru..~ (43) of diethyl ben-
zoylphosphcnate (IId). The extent of conjugatior. of the carbonyl grc"..~p 
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with the phosphoryl group apparently is significant, since the carbonyl 
absorbance appears at 1650 cm.-1 in dimethyl benzoylphosphonate (IIb) 
(Plate I) and at 1689 cm.-1 in acetophenone. This conjugative effect 
was one of Ackerman's (1) arguments in support of the carbonyl-phospho-
ryl bond rather than a mixed anhydride bond in acylphosphonates. The 
phosphoryl absorbance of about 1260 cm.-1 and the P-0-C (alkyl) absorb-
ance of about 1025 cm.-1 observed in the dialkyl aroylphosphonate infra-
red spectra approximates the values quoted by Bellamy (14) for these 
functional groups. 
Ultraviolet absorption spectra should prove interesting in the aroyl-
phosphonate series. A preliminary spectrum taken of dimethyl benzoyl-
phosphonate (IIb) in carbon tetrachloride showed strong absorbance in 
the region from 270 to .320 np. Acetophenone absorbs from 240 to 280 mp 
in a water solution and benzil at .370 mp. A comprehensive study of this 
problem is planned in this laboratory. 
It is in the proton magnetic resonance spectra of these compounds 
that several interesting facts appear. On the wholey the spectra are 
very simple, but in every case involving a dimethyl ester-y a do-:.:bie t is 
f,eer:. in the region of 4.0 delta. This indicates that in sorr:e way the 
single peak which would be expe~tsd to occur for the hydrogens of -::.he 
two equivalent methox:y groups has been split. The most rE:asonable ex-
planation for this was first given by Axtmann in 1959 in a study of the 
proton magnetic resonance spectra of a series of trialkyl phosphates ( 11) . 
It wa::.,. shown at that tin,e that p31-H-i spli ttinc occurE 1.r. the P-0--C (al-
kyl) group, and the coupling constant of 11 c.p.s. for trimethyl phos-
phate corresponds to that observed in our dimethyl aroylphosphonates. 
Likewise, Axtmann's values of J = 8.4 c.p.s. for triethyl phosphate and 
J = 6.6 c.p.s. for tri-2-propyl phosphate approximate the values of 7 
c.p.s. and 8 c.p.s. measured for diethyl 12.-anisoylphosphonate (XXIII) 
(Plate XIV) and di-2-propyl £-anisoylphosphonate (XXIV) (Plate XV), re-
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spectively. These values have been verified by Finegold in a comparison 
study with p31 spectra (24), by Dudek with acyclic and cyclic phosphates 
(22), and by Prohaska and Siddall (66) in work on the proton magnetic 
resonance spectra of many phenyl-substituted phosphor~s esters. Exam-
ination of the trimethyl phosphite spectrum indicates that such split-
ting also occurs in trivalent phosphor~s esters. 
Prohaska and Siddall observed that, in addition to the p3l_H1 split-
ting, a second doubling of peaks could occur in the spectra of various 
esters of arylphosphorus acids (66, 67). This they attributed to the 
magnetic anisotropy of the benzene r ir.g, placinr the seemingly equi VF,-
l e:i t ester protons in the compounds in different electronic environments . 
In t he cornr,01.;r,d me thyl 1-phenylethyl- nheny-l phosphinate (XXXV), f or in-
stance, the methoxy hydrogens appear as a quartet . One splitting is due 
t o t he influence of the phosphorus atom, and one splitting is due to t he 
XXXV 
fact that alternately either one or two protons are in the vicinity of 
tLe aromatic ring. The same resonance do:1.bling was observed in some ber..-, 
zylphosphonates, leading to the expectation that in disubstituted benzo-
ylphosphonates this might also be the case. No evidence was found of 
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splitting other than that attributable to phosphorus in our dimethyl 
esters. In addition, resonance splitting of X-methyl protons, observed 
by Prohaska and Siddall (6~, 67) in their diethyl esters, did not occur. 
However, the doublet attributable to ~-methyl protons in the spectrum 
of di-2-propyl £-anisoylphosphonate (XXIV) (Plate XV) did appear to be 
split again. Perhaps this is due to resonance splitting. If this is 
true, then the benzene ring h. the aroylphosphonate series is so located 
as to exert an influence in cases where the ester groups are larger than 
ethyl. A study of t he nuclear magnetic resonance spectra of aroylphos-
phonates containing fused rings would be valuable. The spectra of highly 
purified dimethyl 1-naphthoylphosphonate (XXXI) and dimethyl 2-naphthoyl-
phosphonate (XXXII) might exhibit resonance splitting. A series of cy-
clohexanoylphosphonates prepared by Nagabhusb.anam (54) did not show such 
splitting, but there is some do'...lbt as to whether the cyclchexane ring, 
even if attached directly to phosphorus, possesses a field s~1fficient 
to cause it. 
Another interes ting prcblem presented itself when the proton mag-
netic resonance spectra of the para-disubstituted aroylphosphonJ.tes were 
exanined. Richards and Schaefer ( 63) have shown in e. study of the spec-
tra of a series of para-disubst.i tuted benze~1e derivatives t hat chemical 
shifts vary widely with changes in s·~bsti tuents. However )' the coupling 
constants remain within the range of 8.: ~ 9.2 c.p.s. in these A2B2 sys-
tems. Their value of J = 8.9 c.p.s. for Q-2~propylbenzaldehyde is com-
parable to our value of 9 c.p.s. for the 12-anisoylphosphonates (Plates 
XIII-XVI, XX) and for dimethyl (£-chlorobenzoyl)phosphonate (XXVIII) 
(Plate XVIII) and dimethyl (:e:-tert-butylbenzoyl)phosphonate (XXX) (Plate 
XVII). Hellwege (33) observed J = 8 c.p.s. for the aromatic protor:s in 
dimethyl £-otoloylphosphonate (XXXVI). 
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XXXVI 
The distances between the two sets of aromatic peaks in the dialkyl 
aroylphosphonates is also worthy of note. This has been called the field 
separation and has been found to be fairly constant in the :e-anisoylphos-
phonate series, varying from 75 to 78 c.p.s. An exceptionally low value 
is found in the case of diphenyl ,E-anisoylphosphonate (XXVII) (Plate XX), 
which has a field separation of 6o c.p.s. Considerably lower values oc-
cur in the compounds with chlorine (44 c.p.s.) (Plate XVIII), methyl (51 
c.p.s.) (33), and tert-butyl (40 c.p.s.) (Plate XVII) groups in the para 
position. There are no other published values for phosphonates upon 
which to base a comparison, but Varian Associates (17) offers values 
of 27 c.p.s. for p-chloroacetophenone, 15 c.p.s. for £-Chlorobenzalde-
hyde, 49 c. p.s. for ]2;'-methoxybenzaldehyde, and 66 c.p.s. for :Q-metho:xy-
benzoic acid. The field separation values shown by Varian for E-meth~ 
oxyaniline (3 c.p.s.), p-methoxytoluene (15 c.p. s .)~ and E_'-ethoxyaniline 
(4 c.p.s.) imply that para~disubstituted compounds with both substitu~ 
ents electron-donating have low field separations. Carbonyl compounds 
with a para-chloro substi tuent fall into a middle range of '15 c . p .. s. to 
44 c . p.s. The disubstituted aroylphosphonates and other carbonyl com-
pounds substituted with electron-donating groups, published by Varian 
(,7), appear to have very high field separation values, ranging from 
49 c. p. s. to 78 c. p. s. A study of the spectra of para-disubsti tuted 
compounds with two strong electron-withdrawing groups would be helpful 
in substantiating such a relationship. A £-nitre aroylphosphonate is 
a logical choice. It is interesting to note that (£-trifluoromethyl)-
aniline has a field separation of 14 c. p.s. (17), a low value if the 
above generalization is valid, but steric factors may also play a , part 
in this case. 
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The first question which comes to mind when one looks at the disub-
stituted aroylphosphonates is that of the possibility of a preferred 
s tructure in the ground state. It is only logical to assume that the 
two areas of highest electron density in any molecule would assume posi-
tions as far apart as possible. There are two similar cases in which 
this is kno'Wll to be true. Certain o{-diketones, those whi ch are involved 
in Gr am's rule of asymmetric synthesis f or example , have t he fo l lowing 
opposed carbonyl structure (29): 
XXXVII 
Certainly t he anal ogy bet ween XXXVII and the aroyl phosphonates is obvi-
ous . I n addition, compounds which are in the bis (dialky1 phc,sphi noth:Loyl) 
ser ies have been shown by Raman spectra to exist ~~ th t he phosphorthi oyl 
grcups opposed. The di pole moments measured at 25° ± O. l in car bon t et-
rachloride for dimethyl benzoylphosphonate (IIb) (2. 93 ± 0. 05 D.) , di-
methyl 12-anisoylphosphonate (XXII ) (3.20 ± 0.05 D.) , and dimethyl (12:-
chlor obenzoyl)phosphonat e (XXVIII) (2. 64 ± 0.05 D.) i ndica t e t hat i n 
these compounds there is no such preferred opposed carbonyl-phosphoryl 
structure, These values come very close to those of 2,96 D. (average) 
measured by Arbuzov (9) for a series of carbamoylphosphonates and 2,96 
D, (average) for a series of dialkyl alkylphosphonates (6), 
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The dipole moments of benzaldehyde, 12.-anisaldehyde, and :e-chloro-
benzaldehyde have been reported as 2,75, 3,70, and 2,03 D., respectively 
(71), It is not surprising that the benzaldehyde and EwChlorobenzalde-
hyde values are lower than those of the corresponding aroylphosphonates, 
the added increment being due to the phosphonate portions of the mole-
cule. However, the fact that the moment of dimethyl g-anisoylphosphon-
ate (XXII) is lower than that of g-anisaldehyde leads to the speculation 
that in the phosphonate the methoxy group is sufficiently electron-do-
nating to significantly increase the electronegativity on the carbonyl 
oxygen, This could prolong the lifetime of the opposed carbonyl-phospho-
ryl configuration and lower the dipole moment. The moment of dimethyl 
(12.-nitrobenzoyl)phosphonate would be helpful is disproving or substan-
tiating this theory. 
The comparison of acid~ and base-catalyzed hydrolysis of dimethyl 
£-anisoylphosphonate (XXII) shows the basic catalysis to proceed infin-
itely faster than the acid counterpart. One would infer this from lit-
erature references on such hydrolysis reactions (21, 3h, 37)j but no ac-
b1al comparison has been publ ishe,:3. . , In the acid hyc.rolysi s cf rJ.r..y c.c:r,-
r,o·c.".d e:ontaining a carbonyl-phosphoryl bcr..cl t here are two possibilities 
for mechanistic speculation, one involv5-r..g initial attack of the proton 
at the phosphoryl oxygen (Equation 1) and the other involving initial 
attack of the proton at the carbonyl orJgen (Equation 2). The fact that 
a carboxylic acid is obtained as a product strongly indicates that Equa-
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tion 1 is operative. In order for cleavage to occur as shown in Equa-
tion 2, a carbene would be generated, for which no experimental evidence 





(RO) 2te + (fcR 1 ( 1) 
II 
0 
0 1 0 OH t #, t I 
(R0)2P, • (R0)2P~ • ( RO ) 21B + GhcR' (2) CR'' (!)CR' 
! I OH 
was found. In basic catalysis there are also two possibilities of mech-
anism. Equation 3 is logical i f t he phosphoryl atom i s attacked by the 
hydroxyl group. Equation 4 illus t rat es a mechanism involving att ack of 
the hydroxyl at the carbono This would seem to be the more likely mech~ 
anism, and it woul d produce t he i solatec. benzoic acid . Rigorous proof 
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of mechanism would require identification of the phosphorus compound 
formed in an inert atmosphere since any dialkyl hydrogen phosphonate 
formed might oxidize to the phosphoric acid diester in the presence of 
oxygen. Kabachnik (36)' used identification of the alkaline hydrolysis 
products of diethyl benzoylphosphonate (IId) as his proof of structure, 
but he took his reaction to the final hydrolysis products of benzoic 
acid and sodium phosphate. 
It is well known (29) that certain aromatic o(-diketones, benzil 
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being the most common example, will undergo the benzilic acid rearrange-
ment in strong base (Equation 5). The conditions are those of very con-
centrated base and continuous heating. It is conceivable that a simi-
lar reaction might occur upon heating of a dialkyl aroylphosphonate in 
strong base (Equation 6). However, the extreme sensitivity of the car-
bonyl-phosphoryl bond to base makes the rearrangement seem highly un-
likely. 
0 cfo> 
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The attempted reducti-0ns of dimethyl benzoylphosphonate (IIb) &P-
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parently failed because of the extreme sensitivity of the carbonyl-phos-
phoryl linkage to cleavage, particularly in baseo Low temperature cata-
lytic hydrogenation is an obvious experiment which should be attempted. 
I~Jnediate identification of the desired dimethyl benzylphosphonate should 
be possible by comparison of the proton magnetic resonance and infrared 
spectra with those obtained by Hildebrand (34). 
Attempts to prepare dimethyl :e.-nitrobenzoylphosphonate (XX.XVIII) failed 
repeatedly ar:d present quite an interesting problem. Apparently t he ni-
tro substituent interferes w~th the normal Michaelis-Arbuzov r eaction of 
XXXVIII 
:£-ni t r obenzoyl chloride with trimethyl phos phite . A colorful r eaction 
occurs in ether a s the addition of the phosphite provokes a darkening 
., 
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of the yellow color of the acid chloride solution to deep red and a sub-
sequent fading to pale yellow. Simultaneously there is formation of a 
red precipitate which disappears and is followed by the appearance of a 
yellow precipitate, which emerges as the final product. No 2,4-dinitro-
phenylhydrazone could be made from the crude reaction mixture or from 
the recrystallized solid product, and the infrared spectrum of the solid 
does not correspond to that of the other phosphonates studied. Elemental 
analysis showed no phosphorus present. 
The attempted synthesis of tetramethyl terephthaloyldiphosphonate 
(XXXIX) was undertaken in the hope of initiating a study of chelation of 
phosphoryl compounds. The reaction apparently proceeded as expected al-





C-P(OCH3)2 II · 
0 
XXXIX 
mixture was required to facilitate reaction. Impurity of the terephthal-
oyl chloride used probably prevented successful completion of the experi-
ment, but further work in this area is planned. 
In summary, a series of dialkyl aroylphosphonates and their 2,4-di-
nitrophenylhydrazones have been synthesized and characterized. Proton 
magnetic resonance spectra of the aroylphosphonates have been examined 
and analyzed with respect to field separation values and p31-H 1 splitting 
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in the phosphorus ester groups. The dipole moments of dimethyl benzoyl-
phosphonate (IIb), dimethyl :e-anisoylphosnhonate (XXII), and dimethyl 
(E-chlorobenzoyl)phosphonate (XXVIII) indicate that an opposed carbonyl-
phosphoryl structure does not exist for any substantial length of time. 
CHAPTER IV 
EXPERIMENTAL1,2,3,4,5 
Preparation of p-Anisoyl Chloride. A one-neck, 250 ml., round-bot-
tom flask fitted with a reflux condenser, calcium chloride drying tube, 
and magnetic stirring bar was charged with 76.0 g. (0.50 mole) of £-8llisic 
acid (m. p. 1840) and 238.0 g. (2.0 mole) of thionyl chloride (b. p. 79°/ 
741 mm.). The mixture was stirred for two days at room temperature dur-
ing which time evolution of hydrogen chloride and sulfur dioxide was ob-
served. After excess thionyl chloride was distilled, the homogeneous re-
action mixture was fractionated to yield a colorless product boiling at 
255-60°/741 mm., 79.0 g. (92.() per cent~ lit. b. p. 106-7°/ 4 mm.) (72). 
The freshly distilled product was kept in a desiccator over anhydrous cal-
cium chloride to prevent hydrolysis which was found to occur within five 
minutes exposure to the atmosphere. 
1All melting points are corrected; all boiling points are uncorrected. 
2The infrared spectra were determined on a Beckman IR-5 with sodium 
chloride cells. 
3The microanalyses were performed by Mid West Laboratories) Indian-
apolis, Indiana •. 
4The proton magnetic resonance spectra were determined by Mr. D. 
Mike Hellwege, Oklahoma State University, with a Varian Model A-60 high-
resolution spectrometer fitted with a field-sensing stabilizer ("Super 
Stabilizer"). The solvent is indicated on the spectra. Tetramethylsilane 
was used as an internal standard. 
5Dipole moment measurements were determined by Dr. John G. Verkade, 
Iowa State University, Department of Chemistry. 
35 
36 
Preparation of Cinnamoyl Chloride. A one-neck, 100 ml., round-bot-
tom flask fitted with a reflux condenser, calcium chloride drying tube, 
and magnetic stirring bar was charged with 53.5 g. (0.45 mole) of thionyl 
chloride and 22.2 g. (0.15 mole) of cinnamic acid (m. p. 133°). The mix-
ture was stirred for eighteen hours at room temperature. After excess 
thionyl chloride was azeotroped with benzene at reduced pressure, the 
dark residual liquid was vacuum distilled to yield 22.4 g. (89.6 per cent) 
of a light yellow product, b. p. 75-7°/ 0.2 mm. (lit. b. p. 150-5°/ 20 
mm.) (64). Steam was passed through the condenser jacket to prevent so-
lidification. The liquid crystallized upon standing, m. p. 350. The 
product was stored in a desiccator over anhydrous calcium chloride to 
prevent hydrolysis. 
Preparation of p-Methylcinnamoyl Chloride. A one-neck, 100 ml., 
round-bottom flask fitted with reflux condenser, calcium chloride drying 
tube, and magnetic stirring bar was charged with 8.11 g. (0.05 mole) of 
12-methylcinnamic acid (m. p. 199-201°) and 17.85 g. (0. 15 mole) of thio-
nyl chloride. The mixture was stirred at room temperat ure until a homoge-
neous solution resulted. The previously described workup procedure was 
followe d to yield 6.J g. (70.0 per cent) of a white crystalline productj 
m. p. 71-2°. Although this compound is surely not new, t he acid being 
commercially available, no literature reference was found concerning i t s 
physical properties. An elemental analysis was performed. 
C, 66. 49; H, 5. 02; Cl, 1g.63 
Found: C, 66.78; H, 5.12; Cl , 19.58. 
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Infrared analysis of this compound in Nujol (Plate I) shows bands 
characteristic of acid chloride carbonyl (1742 cm.-1) (65), para-disub-
stituted benzene (807 cm.-1) (65), trans-disubstituted olefin (974 cm.-1) 
( 14), and aryl-conjugated olefin (1603 cm. -1) ( 14). Peaks attributable 
to the Nujol are located at 2924, 1447, and 1379 cm.-1. 
Preparation of 1-Naphthoyl Chloride. A one-neck, 100 ml., round-
bottom flask fitted with a reflux condenser, calcium chloride drying 
tube, and magnetic stirring bar w&s charged with 17.22 g. (0.10 mole) 
of 1-naphthoic acid (m. p. 161-3°) and 47 •. 6 g. (0.40 mole) of thionyl 
chloride. The mixture was stirred for ten hours and the same workup pro-
cedure was followed to yield 14.9 g. (78.0 per cent) of a yellow liquid, 
b. p. 125-8°// 3 mm. (lit. b. p. 1670/' 10 mm.) (49). The product was 
stored in a desiccator over anhydrous calcium chloride. 
Preparation of 2-Naphthoyl Chloride. A one- neck, 100 ml., round-
bottom flask fitted with reflux condenser, calcium chloride drying tube, 
and magnetic stirring bar was charged with 8.61 g. (0.05 mole ) of 2-naph-
thoic acid (m. p. 1840) and 23.8 g. (0. 20 mole ) of thionyl chloride. 
The mixture was stirred at room temperature for five hours and after the 
workup yielded a white solid, 9.5 g. (100 per cent)y m. p. 45-6° (lit. 
m. p. 52°) (62). 
Preparation of Dimetbyl _Benzoylphosphonate _{IIb). This procedure, 
and that used in preparing the subsequent acylphosphonates , is a modifi-
cation of that used by Kabachnik (36). A three-neck, 200 ml., round- bot... 
tom flask fitted with r eflux condenserJ calcium chloride drying tube, ad-
dition f'un.'lel, nitrogen inlet, liquid i mnersion thermometer, and magnetic 
stirring bar was charged with 5.65 g. (0 . 03 mole ) of benzoyl chloride ( b. 
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p. 198°/ 760 mm.). Trimethyl phosphite, 4.96 g., 0.04 mol e (b. p. 1070/ 
741 mm.), was added dropwi se , with stirring under a nitrogen stream, to 
produce an exothermic reaction with the evolution of methyl chloride. 
The temperature of the yellow mixture was maintained between 25- 300 by 
adjustment of the rate of addition. When the evolution of methyl chlo-
ride had ceased, the mixture was stir r ed a t r oom t emper atur e for four 
hours. Vacm .. illl di stillation of t he produc t yielded z. 5 g. (JO.O per cent) 
of mat erial boiling at 146-5oc/ 4 mm. (lit. b. p. 141c/ 2. 5 nun.) (36). 
The infrared spectrum of IIb (Plat e II) exhibi t s bands char act er-
istic of conjugated carbonyl (1650 cm.-1), phosphoryl (1258 cm.-1) (1), 
the P-0-C (alkyl) linkage (1034 cm.-1) (1), and monosubstituted benzene 
(688 cm.-1') (14). Other prominent peaks are present at 1598, 1450, 1231, 
11 81, 1000, 837, and 781 cm. ~1. 
The nuclear magnetic resonance spectrum (Plate XII) shows a doublet 
centered a t 3.82 delta (methoxy hydr ogens) with J = 11 c. p •. s ., a mul ti-
ple t centered at 7.47 delta (aroma t i c hydroi:;ens ) 1 and a multi pl et centered 
c.. t 8 . 17 delta (aromatic hydr ogens ). 
Pre12ar aJ i on of Dimethyl Bepzoyl pho::;ph.::m.a te (2 9 iv-Dini tro phenyl) -· 
hvrlra~one . A stock solution of 2?4-cii ni trophenyl hydrazi ne was made by 
di ssolving 6 g. of the r eagent (m. p. 198- 9° ) in 30 ml. concentrat ed sul-
furi c acid and addi ng thi s to ,'i-0 m_ . of water and 140 ml . of 95% ethanol. 
Pr eparat i on of t he der i va t i ve was by the met hod of Shriner and F\lson (65). 
To 25 ml. of t he above solution was added 0. 5 fl. of dimethyl benzoylphos-
phonate (IIb). Immedi ately a heavy yellow preci pi tate formed which, af-
t er r ecrystallizat i on from methanol, had am. p. of 192- 3° . The infrar ed 
spectrum of t hi s compound is descri bed i n Tabl e I . 
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N, 1/i .• 21; P, 7.86. 
Found: N, 14.05; P, 7.58. 
Preparation of Dimethyl...,E-Anisoylphosphonate (XXII). The procedure 
for the preparation of this phosphonate was essentially the same as pre-
viously described. The reagents used were 5.12 g. (0.03 mole) of £-ani-
soyl chl oride (b. p . 255-()0°/ 74.1 nun.), and t rirnethyl phosphi t o, 4.96 g . 
(0.01+ mole). Vacuum distillation of the product yielded 4.5 g. (61.6 per 
cent) yellow liquid, b. p. 165-74° /i 2. 5 mm. An analytical sample boiled 
at 170°/ 2.5 mm. 
Found: C, 48. 92; H, 5. 56; P, 12.55. 
The infrared spectrum for XXII (Plate III) exhi bi ts b:1nds character-
istic of conjuga ted carbonyl (1648 cm. -1 ), the phosphoryl linkage (1 269 
- 1) cm. · , the P-0-C (alkyl ) linkage (1033 cm. ~1) 9 and para-disubsti t u ted 
l benzene (805 cm.~). Prominent peaks are also present at 1725 , 1600 , 
The nuclear magnetic resonance spectrum (Pl ate XIII) shows a doub-
l et centered at 3.80 delta (phosphorus est er me thoxy hydr ogens ) with J 
= 11 c . p. s ., a singlet a t 3. 80 del ta (a romatic e ther methoxy h;:,rdr ogens) , 
and doublets centered at 6. 90 del ta (aroma tic hydrogens me t a to carbonyl 
group) and 8. 13 delta (aromatic hydrogens ortho to car bonyl group) witl: 
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JAB= 9 c.p.s., JAA = 1 c.p.s., JBB = O, and a field separation of 75 
c.p.s. 
Preparation of Dimethyl p-Anisoy1£ho sphog~_i~_l3..i.4-Dini ~rophe!lill-
hydrazone. To 25 ml. of the 2,4-dini trophenylhydro.zine stock solution 
was added 0.5 g. of dimethyl £-anisoylphosphonate (XXII). An orange pre-
cipitate formed, m. p. 203-4° after recrystallization from methanol-ethyl 
acetate. The characteristic peaks of the infrared spectrum of this com-
pound are shown in Table I. 
N, 13.20; F, 7.JO. 
Found: N, 12.75; P, 6.92. 
Preparation of Diethyl P-Anisoylphosphonate (XXIII). The procedure 
for the preparation of this phosphonate is as previously described. The 
reagents used were 5,12 g. (0.03 mole) of E-anisoyl chloride (b. p. 255-
600/ 741 mm.) and triethyl phosphite ( b. p. 150-3°/ 741 mm.), 6. 6L!. g. 
(0. 04 mole). Vacuum distillation of the product yielded 6.5 g. (79 . 6 
per cent) of yellow liquid, b. p. 150-IS2° / o. 4 mm. A sample wi. th b. p. 
158-9°/0.4 mm. was analyzed. 
C, 52. 9/e} H, r, , :?9, :r , '11. 38. 
Found: C, 52. 89 j H, 6. 2? ; P, 11 . 56 , 
The infrar ed spectrum for XXIII (Plate IV) exhibits bands char·ac-
t eristic of conjugated carbonyl ( 1650 era. -1), phosphoryl ( 1264 cm. - 1) , 
the P-0-C (alkyl) linkage (1025 cm.-1), and para-disubstituted benzene 
(801 cm.-1). Other prominent peaks appear at 1595, 1505, 1430, 1318, 
1176, 976, 918, 843, 755, and 733 cm.,- 1• 
The nuclear magnetic resonance spectrum (Plate XIV) of XXIII shows 
a triplet centered at 1.34 delta (methyl hydrogens) with J = 7 c.p.s., 
a singlet at 3.87 delta (methoxy hydrogens), a quartet centered at 4.16 
delta (methylene hydrogens) with J = 7 c.p.s., and doublets centered at 
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6 •. 98 delta (aromatic hydrogens meta to carbonyl) and 8.27 delta (aromatic 
hydrogens ortho to carbonyl) with JAB= 9 c.p.s., JAA = 1 c.p.s., JBB = 
O, and a field separation of 73 c.p.s. 
Preparation of Diethyl p-Anisoylphosphonate (2 14-Dini trophen.yl)-
hydrazone • . To 25 ml. of the 2,4-dini trophenylhydrazine stock solution 
was added 0.5 g. of diethyl 2-anisoylphosphonate (XXIII). A red precipi-
tate formed, m. p. 177-80 from methanol. The infrared spectrum of this 
compound is described in Table I. 
CJ> 47.79; H, 4.68; N, 12.39; P, 6 • .85. 
Found: C, 47.59; H, 4.74; N, 12.13; Py 6.75. 
preparation of Di-2-:gropyl p-Ani soyl]hosi2t:onatf; (X~IV). The orevi ~ 
ously described apparatus was charged w~th Z.45 g. (0.0144 mole) of I2:"-
· 1 h"' ' d T · 2 ., h h · t 3 00 ( ' 6" 4°;'· " ~ ) anisoy c 1.ori e. ri- -propy1. p osp -l e, • g. o. p. .)= 1 1 mm. , 
was added dr opwise. The 2-propyl chloride liberated was removed by flash 
evaporator and a sample of the crude residual yellow liquid was sent for 
analysis. Previous attempts to distill the product had led to the sub-
lima t i on of a white solid which proved to be 12.~anisi c acid (m. p •. 18/~0 ). 
P, 10 • .32. 
Found: P, 10.38. 
The infrared spectrum (Plate V) of the crude compound shows maxima 
characteristic of conjugated carbonyl (1644 cm.-1), phosphoryl (1257 
cm.-1), the P-0-C (alkyl) linkage (998 cm.-·1), and para-disubstituted 
benzene (800 cm.-1). Other peaks appear at 1594, 1515, 1388, 1176, 1108, 
9.39, 884, and 843 cm •. -1. 
The nuclear magnetic resonance spectrum (Plate XV) shows a doublet 
centered at 1.27 delta (methyl hydrogens) with J = 6 c.p.s., a singlet 
at .3.83 delta (methoxy hydrogens), a heptet centered at 4.65 delta (ter-
tiary hydrogen) with J = 8 c.p,s., and doublets centered at 6.90 delta 
(aromatic hydrogens ,.meta to carbonyl) and 8.20 delta (aromatic hydrogens 
ortho to carbonyl) with JAB= 8 c.p.s., JAA = 1 c.p.s. j JBB = O, and a 
field separation of 78 c.p.s. 
bY.£r.§.Zone. To 25 ml. of the stock solutior.. of 2~4-dini trophe:o.yl hydrazi:ce 
was added 0.5 g. of crude di-2-propyl :2~anisoylphosphonate (XXIV). A red 
precipi t a te formed which was recrystallized from methancl t o give a prod-
uct with m. p, 11.l~-6°. The infrared spectrum of this compound is descr·i bed 
in Table I. 
N, 11.66; P, 6.45. 
Found: N, 11,61, P> 6.20. 
Preparation of Di-n-butyl p-Anisoylphosphonate (XXV). The react-
ants used were 5.12 g. (O.OJ mole) of ~anisoyl chloride and 7.50 g. 
(0.03 mole) of tri-g-butyl phosphite (b. p. 118-200/ 7 mm.). Vacuum 
distillation of the reaction mixture yielded 4.J g. (43.9 per cent) of 
a yellow liquid, b. p. l?0-80/ 2 mm. An analytical sample distilled at 
175°/ 2 mm. 
C, 58.53; H, 7.68; P, 9.43. 
Found: C, 58.40; H, 7.61'; Pi 9.16. 
The infrared spectrum for "AXV (Plate VI) exhibits bands character-
istic of conjugated carbonyl (1 709 cm.-1), phosphoryl (1263 cm.-1), the 
P-0-C (alkyl) linkage (1030 cm.~1), and para- disubstituted benzene (802 
cm.-1). Other maxima appeared at 1639, 1594J> 1510, 1486)> 1316, 1175, 
and 843 cm. -1 . 
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The nuclear magnetic resonance spectrum (Plate XVI) shows a trip-
let centered a t 0.9 delta (:nethyl bycirogens ) with J = 7 c . p. s ., a :rr.ul-
tip:i.et ranging from 1o 12 to 1. 90 delte. (me thylene hydrogens ), a singl et 
a t 3. 82 delta (methoxy hydrogens ), a quartet centered at 4. ·13 delta (hy-
drogens on carbon ad jacent to phosphorus ester oxygen) with J = 9 c.p. s ., 
and doubl et s cent er ed at 6. 93 delta (aromatic hydrogens meta to carbonyl ) 
and 8. 22 delta (aromatic hydrogens 21:tho to carbonyl) wi t h JAB = 9 c. p. s . , 
JAA = 1 c.p.s., J BB = O, and a fi eld separation of 77 c. p.s , 
Preparation of Di-n-butyl P:;Anisoylphosphonate {29 4'.'"Dini.~rophenyl )-
h,ydrazone . To 25 ml. of the s tcck solution of 2, 4-di ni tropheny1hydrazir.e 
was added 0.5 g. of di-~-butyl 12;-anisoylphosphonate (XXV). An orange 
precipitate formed which was recrystallized from methanol, yielding a 
product with m. p. 127-90. The infrared spectrum of this compound is 
described in Table I. 
N, 11 • 02'; P, 6. 09. 
Found: N, 11.26; P, 5.85. 
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Attempted Preparation of Diallyl g-Ahisoylphosphonate (XXVI}. The 
previously described apparatus was charged with 5.12 g. (0.03 mole) of 
:e:-anisoyl chlorid~, , to which was added dropwise 8~d8 g. ( (o~.04 mole) •. or 
triallyl phosphi te (b •. p-. 84° / 12 mm.). During the addition of the phoe-
phi te heat was generated which resulted in refluxing of the mixture at 
45° (b.p. of allyl chloride), indicating that the expected reaction did 
occur. No attempt was made to vacuum distill the product since Kamai 
(41·) had reported that diallyl benzoylphosphonate had exploded during 
attempted distillation •. 
Preparation of Diallyl p-Anisoylphosphonate (2,4-Dinitrophen.,yl)-
hydrazone. To 25 ml. of 2,4-dinitrophenylhydrazine stock solution was 
added 0.5 g. of the crude diallyl 12;-anisoylphosphonate (XXVI). A dark 
red precipitate formed with m. p. 123-5° after recrystallization from 
methanol. The infrared spectrum of this compound is described in Table 
I. 
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N, 11.76; P, 6.50. 
Found: N, 11.65; P, 6.57, 
Preparation of Jlimeth;llj__g-tert-Butyl hl'3l1ZOYl,LllilQSP.hona te {xxn.? 
The apparatus previously described was charged with 9.85 g. (0.05 mole) 
of £-tert-butylbenzoyl chloride (b. p. 84-6°/ 0.8 mm.). Trimethyl phos-
phite, 7.45 g. (0.06 mole), was added dropwise. Vacuum distillation of 
the reaction mixture yielded 6,0 g. (44,4 per cent) of a yellow liquid, 
b. p. 171-30/1.2mm. 
C, 57.77; H, 7.09; P, 11.46. 
Found: C, 57.24; H, 7.00; P, 10.?2. 
The infrared spectrum (Plate VII) of the product exhibits maxima 
characteristic of conjugated carbonyl (1639 cm.-1), phosphoryl (1266 
cm. -1), the P-0-C (alkyl) linkage ( 1031 cm. =1 ), and para-disubsti tuted 
benzene (775 cm.-1). Other prominent peaks appear at 1597, 1462, 1'190, 
847, and 724 cm.~1. 
The nuclear magnetic resonance spectrum (Plate XVII) of XXX shows 
a singlet at 1.33 delta (methyl hydrogens), a doublet centered at 3.84 
delta (methoxy hydrogens) with J = 11 c.p.s. 1 and doublets centered at 
7.48 delta (aromatic hydrogens meta to carbonyl) and 8.15 delta (aromatic 
hydrogens ortho to carbonyl) with JAB== 9 c.p.s., JAA =- 1 c.p.s • . , JBB = 
O, and a field separation of 40 c.p.s. 
--------·---
6The author gratefully acknowledges that compound XXX was prepared 
by Mr. Jesse Moore. 
Preparation of Dimethyl (p-tert-Butylbenzoyl)phosphonate (2,4-Dini-
trophenyl)hydrazone. To 25 ml. of the stock solution of 2,4-dinitrophenyl-
hydrazine was added 0.5 g. of dimethyl (£-!ert-butylbenzoyl)phosphonate 
(XXX). An o~a.nge precipitate formed which, after recrystallization from 
methanol, had am. p. of 155-6°. The infrared spectrum of this compound 
is described in Table I. 
N, 12.1+4; P; 6.88. 
Found: N, 12.65; P, 6.65. 
Preparation of Dimethyl (12::Chlorobenzoyl)phosphonate (XXVIII). The 
reagents used were 5.25 g. (0.03 mole) of ]2-Chlorobenzoyl chloride (b. 
p •. 200°/ 760 mm.) and trimethyl phosphite, 4.96 g. (0.04 mole) •. Vacuum 
distillation of the product yielded 4.3 g. (57.3 per cent) of yellow liq-
uid with b. p. 130-8°/ 1.5 mm. An analytical sample distilled at 1360/ 
1. 5 mm. 
C, 43.48, H, 4.06; P, 12.46. 
The infrared spectrum (Plate VIII) of XXVIII shows bands character-
i s tic of conjugated carbonyl (1647 cm.-1), phosphoryl (1263 cm.-1), the 
P-0-C (alkyl ) linkage (1032 cm. -~ ), and para-disubstituted benzene (775 
-1 ) cm. • Other absorption is evident at 1578, 1404, 1228, 1179, 1090, 
949, 855, and 720 cm.~1. 
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The nuclear magnetic resonance spectrum (Plate XVIII) shows a doub-
let centered at .3.90 delta (methoxy hydrogens) with J = 11 c.p.s., doub-
lets centered at 7.53 delta (aromatic hydrogens~ to carbonyl) and 
8.25 delta (aromatic hydrogens ortho to carbonyl) with JAB= 9 c.p.s., 
JAA = 1 c.p.s., JBB = O, and a field separation of 44 c.p.s. 
Preparation of Dimethyl (g-Chlorobenzoyl)phosphonate (2 24-Dinitro-
phenyl)hydrazone. To 25 ml. of the 2,4-dinitrophenylhydrazine stock so-
lution was added 0.5 g. of dimethyl (e-chlorobenzoyl)phosphonate (XXVIII). 
An orange precipitate im,~ediately formed which, after recrystallization 
from methanol, had m. p. of 164-70. The infrared spect~~m of this com-
pound is described in Table I. 
N, 13.07; P, 7.22. 
Found~ N, 13.04, P, 7.03. 
Preparation of Dimethyl (.g_~Chlorobenzo_yl)phosphonate (XXIX}. The 
starting reagents were 5.25 g. (0 . 03 mole ) of Q-chlorobenzoyl chloride 
( b. p. 230°/ 773 n1u.) and trimethyl phosphite, 4. 96 g . (0 . 04 mole ). 
Vacuum distillatio::i. of the product yielded 4.0 g. (50.7 per cent) of a 
yell ow liquid with b. p. 102-9°/ 0.1 mm. 
C, 43.48; H, 4.06; P, 12. 46 . 
Found: C, 43. 25 ; H, 1,.. 31+ , P, 12. M+• 
The infrared spectrum (Plate IX) of this acylphosphonate shows bands 
characteristic of conjugated carbonyl (1672 cm.-1), phosphoryl (1261 
cm.-1), the P-0-C (alkyl) linkage (1036 cm.-1), and ortho-disubstituted 
benzene (778, 737 cm.:-1) (14). Other prominent peaks appear at 1721', 
1'579, 1461', 1/+.26, 1'215, 1179, 9,~2, and 836 om.-1. 
The nuclear magnetic resonance spectrum (Plate XIX) shows a doub-
let centered at 3.87 delta (methoxy hydrogens) with J = 11 c.p.s., a 
multiplet centered at 7.50 delta (aromatic hydrogens), and a multiplet 
centered near 8.30 delta (aromatic hydrogens). 
Preparation of Dimethyl (~hlorobenzoyl)phosphonate (2,4-Dinitro-
phenyl)hydrazone. To 20 ml. of the stock solution of 2,4-dinitrophenyl-
hydrazine was added 0.5 g. of dimethyl (~-chlorobenzoyl)phosphonate 
(XXIX). A dark yellow precipitate immediately formed, m. p. 112-3° af-
ter recrystallization from methanol. The infrared spectrum of this com-
pound is described in Table I. 
Ni 13.07; P, 7.22. 
Found: N, 12.92; P, 7.08. 
Preparation of Dimethyl 2~Napht hoylphosphonate (XXXIIl • . The Pre--
viously described apparatus was charged with 5.72 g. (0 . 03 mole) of 2~napl:-i-
thoyl chloride (m. p. 45-6°). To this was added dropwise 4.96 g. (0 .04 
mole) of trimethyl phosphi te. Vac~~um distillation of the product yielded 
3. 8 g. (48. "i per cent) of a yellow liquid, b. p. 164-7° / 1 rri.m. 
P, 11. 72. 
Found: P, 11.89. 
The infrared spectrum of XXXII (Plate X) shows bands characteris-
tic of conjugated carbonyl (1653 cm.~1), phosphoryl (1282 cm.-1), and 
the P-0-C (alkyl) linkage (1042 cm.-1). Other maxima appear at 1633, 
1124, 840, and 751 cm.-1. 
Attempted Preparation of Diphenyl g-Anisoylphosphonate (XXVII). 
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The apparatus described previously was charged with 5.12 g. (0.03 mole) 
of 12-anisoyl chloride. Triphenyl phosphite (b. p. 200-1°/ 5 mm.), 12.40 
g. (0.04 mole), was added dropwise and the reaction mixture was heated 
to reflux at 1300 (b. p. of chlorobenzene, approximately) for six hours. 
The solution darkened and then faded to a pale yellow color. Vacuum dis-
tillation of the product yielded 11.0 g. (99.5 per cent) of a colorless 
liquid, b. p . 147-53°/ 1 mm. An analytical sample boiled at 1500/ 1 mm, 
Found: C, 66.77; H, 4. 97, P, 4 .44. 
The infrared spec trum of the product (Plate XI) exhibi ts maxima 
charact eristic of conjugated ca rbonyl (1724 cm. -1 ) and phosphoryl ( 1278 
-1) cm. • Other prominent peaks appear at 1607, 1587, 1485, 11 94, 1162, 
1077, 1026, 970, 841, 762~ 746, and 689 cm.-1. The peaks a t 1077 and 
1026 cm. - 1 correspond exactly to bands found in the infrared spec t ra of 
triphenyl phosphite, triphenyl phospha t e, and diphenyl hydrogen phosphon-
ate. 
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Although the elemental analysis of the compound isolated in this 
reaction is not within acceptable limits, the nuclear magnetic resonance 
spectrum (Plate XX) of the compound would indicate that much of XXVII 
is present. There is a ~inglet at J.78 delta (methoxy hydrogens), doub-
lets centered at 6.87 delta (aromatic hydrogens meta to the carbonyl) 
and 8.03 delta (aromatic hydrogens ortho t o the carhonyl) with JAB= 9 
c.p. s o, JAA = JBB = O, and a field separation of 60 c.p. s . A s t rong 
multipl et is i n t he region of 7.00 to 7.40 delta (aromatic hydrogens). 
This compound would not form a 2j4-dinitrophenylhydrazone either 
before or after the distillation. 
Attempted Preparation of Tetramethy1 ·Terephthaloyldiphosphonate .. (XXXIX). 
The previously described apparatus was charged with 6.09 g. (0 .03 mole ) 
of terephthaloyl chloride (m. p. 82-4°). To this was added dropwise 
7.44 g. {0.06 mole) of trimethyl phosphite. The mixture darkened and 
became a viscous liquid which sat for eight hours a t r oom t emper ature 
without any apparent change. It was then heated and evolution of methyl 
chloride occurred a s the mixtur e turned to a pale lemon yel l ow col.or. 
Attempted dist illat ion of the mi xtur e yielded only a l ow~boiling col or-
less fraction whose infr ared spect ru,~ corresponded to that of dimethyl 
hydrogen phosphona t e. There was a dark polymer i c residue in the distil-
lati on flask . The crude reaction mixture did f orm an orange {2, t'.-dini-
trophenyl )hydrazone which was i1ot purified. 
At tempt ed Preparat ion of Dimet hyl (P:::;Ni trobenzoyl}phosphonate ( XXXVLIJ;l. 
The previously described apparatus was charged with 5, 56 g. (0.03 mole) 
of £-Di trobenzoyl chloride (m. p. 72° ) in 50 ml. anhydrous ether (b. p. 
34-5° / 760 nm1.) . Trimethyl phosphi te j 4. 96 g. ( 0. 04. mole) was added 
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dropwise. No noticeable change occurred in the reaction mixture until 
all of the trimethyl phosphite had been added. Then the pale yellow so-
lution abruptly changed to a deep orange color with a red precipitate 
present. Attempts to isolate a sample of the precipitate were unsuccess-
full as the isolated sample changed to a yellow homogeneous solution, 
which also occurred when the entire reaction mixture was refluxed under 
nitrogen f or two hours. Evaparation of the ether solvent yielded a pale 
yellow soli d which when recrystallized from methylene chloride-Skelley 
F had am. p. of 18J-5°. Analysis of this mater ial showed no phosphorus 
present and carbon-hydrogen analysis of C, 52.77, and H, J.07. Attempts 
to form a 2,4-dinitrophenylhydrazone from either the crude reaction mix-
ture or the purified solid material failed. 
Attempted Preparation of Dimethyl :Cinnamoylphosphonate (XXXIIIl. 
The previously descr ibed appara tus was changed with 5.00 g. (O.OJ mole) 
of cinnamoyl chloride (mo p. 35°) and 50 ml. anhydrous ether. Trimethyl 
phosphi te, 4.96 g. (0.04 mole), was added drop,..rise. When the evolution 
of methyl chloride had ceased the ether was removed with a f l ash evap.'.J= 
rater and t he yellow r eacti on mixtur e was fractionat ed to yi eld 3. 0 g. 
(41 . 7 per cent), b. p. 105=7°./ o. 5 mmo 
Anal. Calcd. for c11H,J04P : 
C, 55 .00; H, 5,46; P, 12.90. 
Found: C, 48. 54; H, 5. 76; P, 12. 34. 
The infrared spect rum of XXXIII shows maxima characteristic of con-
juga ted carbonyl (1718 cm. - 1) , phosphoryl (1273 cm. ~' ) , the P- 0- C (alkyl ) 
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linkage (1063 cm.-1), and an olefinic bond (1639 cm.-1). Other prominent 
peaks appear at 1612, 1507, 1574, 1449, 1190, q8o, 888, and 754 cm.-1. 
Attempted Preparation of Dimethyl (g-Methylcinnamoyl)phosphonate 
[ XXXIV), The previously described apparatus was char ged with 5.42 g. (O.OJ 
mole ) of J?.-methyl cinnrunoyl chloride (m. p. 71-20) and 50 ml. of anhydrous 
ether. Trimethyl phosphite, 4.96 g. (0.04 mole), was added. When reac-
t i on had ceased the ether was evapora ted and the yellow r eaction mixture 
di s tilled, yielding J.O g. (39.5 per cent)j b. p. 155-60°/ 0.7 m.~. 
C, 56.69; H, 5.95. 
Found: C, 53.84; H, 6.27. 
The inf rared spectrum of XXXIV exhibits bands characteri s tic of con-
jugat ed car bonyl (1720 cm.-1), phosphoryl (1 275 cm.-1), the P-0-C (alkyl) 
linkage (1065 cm.-1·), an olefinic linkage (1639 cm.-1), and para-disub-
s titut ed benzene (81 3 cm.-1). Other maxima appear at ·1 (;:?..i 15W7,. i'-575, 
1450, 11 go , 980, and 840 cm. - 1. 
prnvionr:,ly ckrwl'ibed apparatus W6S charged wi t h 5. 72 g • . (U. 03 rs.olo ) cf ·1--
naphthoyl chloride (b. p. 125-8°/ 3 mrn.). Trimethyl phosphite , 4 , 96 g . J 
0. 04 mole , was added. Vacuum dist illat ion of the r eaction mixt ure yi elded 
3. 2 g. (40.5 per cent) of product, b. p. 148-53°/ 1. 5 mm. 
C, 59.10; H, /".9~; J\ 11.72. 
Found: C, 56.81; H, 5.47; P, 11.05. 
The infrared spectrrnn of XXXI shows bands characteristic of con-
jugated carbonyl ( ~ 724 cm. -1 ) ~ pho .sphoryl C 250 cm. ~ 1), and the P- 0- C 
(alkyl) linkage (1053 cm.- 1). Other maxima appear at 1639, 1515, 1L.51y 
1191$ ·1~5ojl 980jl 840, 813)1 775, and 71.6 cm.~1. 
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Acid Hydrolysis of Dimethyl g-:Anisoylphosphonate (XXIIl. A one"· 
neck, 50 ml., round-bottom flask fitted with reflux condenser and mag-
netic stirring bar was charged with 2.44 g. (0.01 mole) of XXII and 10 
ml. of .1 N. hydrochloric acid. The reaction mixture was stirred for 
four hours at room temperature without any noticeable change in composi-
tion. After twenty-four hours stirring 1.50 g. (98.7 per cent) of E-
anisic acid, m. p. 184° from ether, was filtered from the reaction mix-
ture. 
Alkal;lll.,~_fiydrolysis of Dimethyl g'"'.'Anisomhosphonat~{XXII). A 
one-neck 1 50 ml., round-bottom flask fitted with reflux condenser and 
magnetic stirring bar was charged with 2.44 g. (0. 01 mole) of XXII and 
10 ml. of . 1 N. sodium hydroxide. Wi thir: f ifteen minuter; a heavy white 
precipitate was apparent in the reaction mixture . After twenty-four 
hours the solid material was filtered off and the free :e.~anisic acid 
,,as regenerated from its sodium salt by t reatment with . 1 N. hydrochlo-
ric acid . The acid, 1.43 g. (94. 1 per cent), had am. p. of 184° after 
recrystallization from ether. 
Attempted Clennensen Reduction of Dimetl:,,,yl Benzcylphcs~Jll.hl,o 
The method used is a modification of that found in "Organic Reactions", 
I, 155 (50). A mixture consisting of 25 g. of powdered zinc, 5.0 g. of 
mercuric chloride, 3 ml. of concentrated hydrochloric acid, and 3 ml. 
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of water was placed in a 250 ml., one-neck, round-bottom flask and was 
stirred with a magnetic stirrer for five minutes. The superna tant liq-
uid was discarded and the solid material was covered with 47 ml. concen-
t r a t ed hydrochl oric acid and 50 ml. of water. A solu t i on of 2·1.4 g. (0.1 
mole ) of IIb in 50 ml. of toluene was added to the flask, and the mixt ure 
was stirred at room temperature for twenty-four hours. Within five hours 
the yellow color of the phosphonat e had compl etely disappeared; aft er t en 
hours a white precipitate was evident in the mixture. Filtration of the 
mixture yielded 12.0 g. (98.2 per cent) of benzoic acid, m. p. 12ZO. 
Attempted Wblff-Kishner Reduction of Dimethyl Benzoylphosphonate 
_{.IIb). The method used is a modification of that found in Fuson I s "Re-
actions of Organic Compounds" (27, 69). A mi xture of 5.50 g. (0.0256 
mole ) of IIb, 8 g . of potassium hydroxi de , 150 ml. of tri methyl ene gly-
col, and 15 ml. of 85 per cent hydr azine hydra t e was placed in a 250 ml., 
onc: - no ck ; round -bottom flask . After ·clnee hour,: u t 1c1flux tho wa t e r pres-
ont was di s t ill edi and t he mixt ur e r efluxed at 200° f or four hour s . The 
react i on mixture was t hen neutralized wi t h 10 per cent hydr ochloric aci d 
and ext r ac t ed wi th benzene . The organic l ayer was dried over anhydrous 
cal cium chloride , and t he benzene wa s dist i lled . The re si dual whi t e pre-
cipita t e was r ecrys t allized from e t her and f ound to be benzoic aci d , m. 
p . 122°. 
A seco?:td a t tempt a t reduction was pl anned in whi ch t he hydr a zone was 
to be prepu.:::-t;d and dried before r cducti on . !Towcvc, r , ,,rd, tx:nzoic acdd 
1, ,12 ottc1ined upon addition of t he phosphonate to 85 per cent hydrazine 
hydra t e . 
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TABLE I 
INFRARED SPECTRA OF 2,4-DINITROPHENYLHYDRAZONES 
Characteristic Maxima (cm.-1) 
Aromatic para-di sub. 
Parent Compound P-.O P-0-C N02 phenyl 
------
Dimethyl Benzoyl- 1283 1030 1509, 1349 
phosphonate 
Dimethyl 12.-Anisoyl- 1285 1033 1503, 1338 799 
phosphonate 
Diethyl 2,-Anisoyl- 1260 1032 1495, 1332 797 
phosphonate 
Di-2-propyl P,-Anisoyl- 1263 1009 1508, 1338 796 
phosphonate 
Di-g-butyl 12.-Anisoyl- 1277 i 03; 1 i+99 j ~336 '799 
phosphonate 
Diallyl E,-Anisoyl- 1261 1020 ·1495 , 1333 808 
phosphonate 
Dimethy l (.2- t eri- :3t1 tyl-- 1280 n 4-; ~ .509 JI 1335 7')6 
benzoyl )phosphonate 
Dimethyl ( 12.-Chloro- 1279 '104-' ~ 5'. C} -: Ji,O '7Q ' .· "+ 
benzoyl )phosphonate 
Dimethyl (o-Chloro- 1253 1010 1503, ~336 
benzoyl )phosphonate 
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